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A method and a kit for detecting a mutation from a non-mutated sequence of a target polynucleotide in a sample, by using a mismatch 
binding protein. The method comprises: a) providing non-mutated and mutated target polynucleotide; b) forming duplex of the non-mutated 
and mutated single strands of the target polynucleotide in a); c) adding a single strand binding protein to the polynucleotide from b); 
d) incubating the mismatch binding protein with an activating agent; e) adding the incubated mismatch binding protein from d) to the 
polynucleotide from c), whereby the mismatch binding protein binds to the duplex formed by one non-mutated and one mutated single 
strand of the target polynucleotide; f) detecting the presence of any mismatch binding protein bound to the target polynucleotide. The 
kit comprises: a) single strand binding protein, b) activator for mismatch binding protein; c) mismatch binding protein; d) amplification 
primer(s); e) solid support for binding of target polynucleotide or mismatch binding protein. 
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Method for detection of mutations 
The present invention relates to a method and a kit for 
detecting a mutation from a non-mutated sequence of a tar- 
get polynucleotide. More specifically the invention relates 
to a method for detecting mutations by using a mismatch 
binding protein. 

The development of methods for the detection of muta- 
tions in DNA is important in diagnostic tests since a large 
number of human genetic diseases are caused by single base 
substitutions or by small additions or deletions in the 
genome. For example, the possibility to detect mutations is 
an important tool in early detection of cancer. 

There are a lot of methods available for detection of 
mutations. Single strand conformation polymorphism 
(SSCP) for example, is based on the fact that single 
stranded DNA that differs by as little as a single base can 
take up different conformations in a non-denaturing envi- 
ronment, which allows for separation by electrophoresis. In 
Denaturing gradient gel electrophoresis (DGGE) the altered 
melting characteristics, exhibited by base pair changes, 
are used. The melted duplexes are separated when moving 
into a gel of increasing denaturation concentration. These 
methods as well as others require gel electrophoresis sepa- 
ration . 

Many methods worked out to detect mutations, consisting 
of one or a few bases, are based on hybridization between a 
standard DNA (or RNA) and a test DNA. The test sample is 
mixed with wild- type sample, which can be labelled, and the 
mixture is denatured and allowed to renature . The mutation 
is then exposed as a mispaired or unpaired base in a het- 
eroduplex molecule. Different ways are known for the detec- 
tion of the mispaired or unpaired base. Cleaving of by 
chemical or enzymatic treatment is one commonly used 
method. The fragments are observed by gel electrophoresis. 
Several patent applications describe the use of mismatch 
binding proteins to detect the heteroduplex molecule (e.g. 
WO 93/02216, WO 95/12689) . DNA mispairing occurs in vivo 
and is recognized and corrected by a family of repair pro- 
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teins . Included are proteins which recognize and bind to 
mismatch containing DNA, so called mismatch binding pro- 
teins. It has been found that the mismatch binding proteins 
forms specific complexes with any of the eight possible 
5 mismatched base pairs. The mismatch repair system has been 
studied in bacteria such as E.coli and Salmonella. MutS is 
one such protein identified in the E.coli mismatch repair 
system. The detection of binding of a mismatch binding pro- 
tein to the DNA is usually made by some type of a label. 

10 Recently a rapid method for detection of point mutations 

using a label free technique was reported (by Ivan Babic et 
al on the 5 th BIA symposium in San Diego, September 1995) . 
The interaction of MutS with short oligonucleotides con- 
taining various base-pair mismatches was examined using op- 

15 tical biosensor technology. 

The detection methods according to the state of the art 
based on gel electrophoresis or labelling procedures are 
time-consuming methods. Therefore, in developing a time- 
effective assay, these methods are difficult to apply for 

20 rapid screening of samples for the detection of mutations. 
These methods are also difficult to automate. 

According to WO 95/12689 and also to Babic et al as 
mentioned above, MutS binds to DNA containing mispaired 
bases, but does not bind to DNA without mismatches or sin- 

25 gle stranded DNA. However, it was found in the present in- 
vention that MutS binds non-specif ically . Thus, it was 
found that MutS binds both to single stranded DNA and to 
double stranded DNA without mismatches. This means that the 
accuracy of the MutS detection method is not satisfactory 

30 for detection of mutations, because non-specific binding of 
MutS can cause false positive. 

The object of the present invention is to obtain an im- 
proved method for detecting a mutation by using a mismatch 
binding protein, without the draw-back mentioned above. 

35 A further object of the invention is to present a kit 

useful for detection of mutations. 

The objects of the invention are achieved by the method 
and kit as claimed in the claims. According to the inven- 
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tion a method for detecting a mutation from a non-mutated 
sequence of a target polynucleotide in a sample is obtained 
by using a mismatch binding protein. The method comprises: 

a) providing non-mutated and mutated target polynu- 
5 cleotide, 

b) forming duplex of the non-mutated and mutated single 
strands of the target polynucleotide in a) , 

c) adding a single strand binding protein to the 
polynucleotide from b) , 

d) incubating the mismatch binding protein with an ac- 
t i vat ing agent , 

e) adding the incubated mismatch binding protein from 
d) to the polynucleotide from c) , whereby the mismatch 
binding protein binds to the duplex formed by one non- 
mutated and one mutated single strand of the target polynu- 
cleotide , 

f) detecting the presence of any mismatch binding pro- 
tein bound to the target polynucleotide. 

According to a further aspect of the invention a kit 
for detecting a mutation from a non-mutated sequence of a 
target polynucleotide in a sample is achieved. The kit com- 
prises : 

a) single strand binding protein, 

b) activator for mismatch binding protein, 

c) mismatch binding protein, 

d) amplification primer (s) , 

e) solid support for binding of target polynucleotide 
or mismatch binding protein. 

With the present invention it was surprisingly found 
that the non-specific binding of mismatch binding protein 
could be avoided. Binding of the mismatch binding protein 
to single strands is inhibited by the single strand binding 
protein. By activating the mismatch binding protein with an 
activator, before addition to the sample, binding to double 
strands lacking mismatches does not take place . 

According to a preferred embodiment of the invention, 
the mutated or the non-mutated target polynucleotide is im- 
mobilized on a solid support before the duplex in step b) 
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is formed. Most preferably the non-mutated target nucleo- 
tide is immobilized. Alternatively, the target polynucleo- 
tide is immobilized on the solid support after duplex for- 
mation in step b) or mismatch binding protein is lmmobi- 
5 lized on a solid support and binding of the target polynu- 
cleotide is detected. According to a further preferred em- 
bodiment the solid support is a sensor chip surface. The 
presence of the mismatch binding protein can then be de- 
tected by a label free technique. One such method is detec- 
10 tion by surface plasmon resonance (SPR) . An optical biosen- 
sor system based on SPR is described in WO 90/05295 filed 
by Pharmacia AB . By this method of detection the time- 
consuming detection with gel electrophoresis or labelling 
could be avoided. 
15 In the first step of the invention a sample of the tar- 

get polynucleotide, i.e. a sequence of a DNA or RNA having 
a mutation, is mixed with a non-mutated (wild-type) sample 
of the polynucleotide. The sample mixture is denatured to 
achieve single strands of the polynucleotide, if the sam- 
20 pies are not already single stranded and then the single 
strands are allowed to renature to double strands. There 
will then be formed homoduplexes as well as heteroduplexes . 
A homoduplex is a duplex of two non-mutated strands or two 
mutated strands. A heteroduplex is a duplex of one non- 
25 mutated and one mutated strand. According to one embodiment 
of the invention the target polynucleotide in the sample 
can be amplified before the first step of the invention. 
Conventional amplification methods can be used, especially 
amplification by PCR (see US 4,683,195; US 4,683,202; US 
30 4 , 800, 159) . 

In one preferred embodiment a single stranded non- 
mutated polynucleotide is immobilized to a sensor chip sur- 
face and the sample suspecting of containing a mutation of 
the polynucleotide is added in single stranded form. The 
35 added sample is allowed to anneal to the polynucleotide on 
the sensor chip. 

In the next step a single strand binding protein is 
added which binds to the single strands being left in the 
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mixture. Before che mismatch binding protein is added to 
the thus produced sample mixture, the mismatch binding pro- 
tein is incubated with an activator. It was found that by 
activating the mismatch binding protein the binding to ho- 
5 moduplexes is prevented. The activated mismatch binding 

protein is added to the sample mixture and allowed to bind 
to the heteroduplex. The presence of any bound mismatch 
protein is then detected. 

The immobilization of the polynucleotide is made by 
10 conventional methods such as adsorption, covalent binding 
or some type of a binding pair. One member of that binding 
pair is attached to the polynucleotide or to the mismatch- 
binding protein and the other member is applied to the 
solid support. Example of such binding pairs are biotin - 
15 avidin, biotin - streptavidin, cystein - thiol groups, an- 
tigen - antibody, lectin - sugar. In a preferred embodiment 
of the kit the amplification primer (s) or the mismatch bin- 
ding protein has/have one member of a binding pair attached 
and the other member of the binding pair is coated on the 
20 solid support . 

The single strand binding proteins (SSB> used to in- 
hibit the binding of the mismatch protein to single strands 
could be any of the SSB known in the art. Preferred com- 
pounds are single strand binding protein (from E.coli, 
25 fruit fly, Xenopus laevis) and gene 32 protein from T4 bac- 
teriophage and their homologue from other species. 

The mismatch binding protein used is one of MutS, HexA, 
MSH1-6, Rep3, RNaseA , uracil-DNA glycosilase, T4 endonucle- 
ase VII, resolvase, a protein which can bind to the mis- 
30 match. Before adding the mismatch binding protein to the 

polynucleotide duplex, the protein is activated with an ac- 
tivating agent. Preferably the activating agent is one of 
the compounds ATP (adenosine 5 ■ -triphosphate) , ADP 
(adenosine 5 » -diphosphate) , ATP-y-S (adenosine 5'-0-(3- 
$5 thiotriphosphate) , AMP-PNP (adenosine 5»-[P,y- 

imido] triphosphate) or a nucleotide which can bind to the 
mismatch binding protein. By this activating of the mis- 
match binding protein it was found that the non specific 
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binding to both non-mutated as well as mutated samples was 
avoided. The activation is made by incubating the mismatch 
binding protein with the activating agent at ambient tem- 
perature for seconds to minutes. Finally the activated pro- 
5 tein is added to the polynucleotide mixture. 

The detection of the bound mismatch protein can be made 
by the conventional methods used in the state of the art. 
However, a preferred method is to use an optical biosensor 
system according to WO 90/05295, as mentioned above and 
10 which is incorporated herein by reference. An optical bio- 
sensor provides a simple and easy method to detect muta- 
tions and permits automation of systems for clinical appli- 
cations and diagnostic screening. One such system is 
BIAcore® (Pharmacia Biosensor AB , Uppsala, Sweden) , which 
15 is based on WO 90/05295. 

The invention will now be illustrated with the follow- 
ing non-limiting examples. With parts and per cent are 
meant parts by weight and per cent by weight if not differ- 
ently stated. In the examples the result is presented in 
20 figures 1-3 with the meaning: 

Figure 1A: A graph of the binding of MutS to oligonu- 
cleotides, both double stranded, non-mismatched and mis- 
matched as well as single stranded. The binding is repre- 
sented in the form of resonance units from the surface 
25 plasmon resonance (SPR) . MutS is introduced at A and the 
buffer at B in the figure. 

Figure IB : A graph as in figure 1A but where the bind- 
ing of MutS to single stranded DNA has been blocked. 

Figure 2 : A graph of the binding of MutS according to 
30 the invention. The binding is represented as in figures 1A 
and IB . 

Figure 3 : The amount of MutS binding for the different 
kinds of mispairs as shown in table 2 in the sequence list- 
ing . 

35 Example 1 : 

Immobilization and formation of duplex 

A sensor chip for optical detection was used. The chip 
comprises a transparent plate of glass, plastic or another 
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transparent material. This plate is provided with a metal 
film on one of its surfaces. A dielectric film is attached 
to the metal film. On this surface streptavidin is coated. 

A biotinylated 20-mer oligonucleotide having the se- 
quence from Val 9 to Gly 15 of N-ras ( RB 671A in the se- 
quence listing) at 1 fiM in immobilization buffer comprising 
10 mM Tris-HCl, pH 7.5, 0.3 M NaCl , ImM EDTA , pH 8.0, was 
flowed over the sensor chip surface at a flow rate of 
5/il/min at a temperature of 25°C. Then 45 ^1 of a fiM 20-mer 
oligonucleotide having a complementary sequence {681C in 
the sequence listing) or a single mismatched base (683C in 
the sequence listing) was flowed over the immobilized oli- 
gonucleotide at a flow rate of 5 /il/min at 25°C to form a 
double-stranded oligonucleotide on the sensor chip surface 
by hybridization. The latter double stranded oligonucleo- 
tide had G/T mispairing. For the hybridization a buffer 
containing 0.9 M NaCl and 90 mM sodium citrate was used. 
Mismatch, detection according to the state of the art 
100 nM MutS (E.coli Mismatch Binding Protein from Amer- 
sham International) in a binding buffer comprising 50 mM 
Hepes -KOH , pH 7.2, 100 mM KC1 , ImM EDTA, pH 8.0, ImM 
dithiothreitol , 5mM MgCl 2 was flowed over the immobilized 
complementary or G/T mismatched double stranded oligonu- 
cleotide and also over the immobilized single - stranded oli- 
gonucleotide at a flow rate of 5 /xl/min at 25°C. 

The binding of MutS was detected in a BIAcore® instru- 
ment with registration of the SPR. As shown in Figure 1A, 
the increased curve of the sensorgram expressing the bind- 
ing of MutS to the DNA indicates an increase in relative 
resonance units due to binding of MutS not only to the mis- 
matched double stranded DNA but also to the single stranded 
DNA and the complementary double stranded DNA. 
Example 2 : 

Immobilization and formation of duplex was made in the 
same manner as in example 1. 
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Mismatch detection according to the state of the art 
but modified with single - s trand binding protein 

45/il of 50/zg/ml of single -strand binding protein 
5 (E.coli Single-Strand Binding Protein with mol . weight 19 
kDa from Pharmacia Biotech) in binding buffer containing 
0.005% Tween20 was flowed over the sensor chip containing 
immobilized strands at a flow rate of 5 /il/min at 25°C. 
MutS was then applied in the same manner as above. 
10 The binding of MutS was detected in the same way as in 

example 1. The resulting sensorgram indicated that single- 
strand binding protein clearly prevents binding of MutS to 
single stranded DNA. However, MutS still binds to mis- 
matched and non-mismatched oligonucleotides; see figure IB. 
15 Example 3 : 

Immobilization and formation of duplex was made in the 
same manner as in example 1 . 

Mismatch detection according to the invention 
The blocking of single stranded DNA was made in the 
20 same way as in example 2 . 

MutS was incubated for 5 minutes at 25°C in the pres- 
ence of 20mM ATP before use. The ATP incubated MutS was 
flowed over the immobilized oligonucleotides in the same 
manner as Fig.lA. 
25 The detection in the same way as in example 1 showed 

that MutS previously incubated with ATP bound only to mis- 
matched DNA and not to non-mismatched DNA , see figure 2. 

Examples with all the 20 mer oligonucleotides in the 
sequence list and immobilized and hybridized as in table 2 
30 in the sequence listing, showed that all mismatches could 

be detected with the method according to the invention, see 
figure 3. 
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Sequence Listing 



Table I. Sequences of 20mer oligonucleotides 

Name Sequence 

5' 3' 

RB651A Biotin- ACAGCTGGACAAGAAGAGTA 

661 T TACTCTTC1TGTCCAGCTGT 

662T TACTCTTCTAGTCCAGCTGT 

664T TACTCTTCTQGTCCAGCTGT 

66 5T TACTCTTCTTCrCCAGCTGT 

666T TACTCi TCTTTTCCAGCTGT 

RB671A Biotixi- GTTGGAGCAGGTGGTGTTGG 

68 IC CCAACACCACCTGCTCGAAC 

682C CCAACACCAGCTGCTCCAAC 

683C CCAACACCAXCTGCTCCAAC 

684C CCAACACCAACTGCTCCAAC 

689C CCAACACCICCTGCTCCAAC 

The mismatched bases are underlined in the sequence. 



Table 2, Pairs of oligonucleotides to form immobilized dsDNA 



dsDNA 


Immobilized 


Hybridized 




oligonucleotides 


oligonucleotides 


non-mismatched dsDNA 


RB651A 


66IT 


non-mismatched dsDNA 


RB671A 


681C 


A/A mismatched dsDNA 


RB651A 


662T 


A/C mismatched dsDNA 


RB651A 


664T 


(70 mismatched dsDNA 


RB651A 


665T 


T/C mismatched dsDNA 


RB651A 


666T 


GA3 mismatched dsDNA 


RB671A 


682C 


G7T mismatched dsDNA 


RB671A 


683C 


G/A mismatched dsDNA 


RB671A 


684C 


T/T mismatched dsDNA 


RB671A 


689C 
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Claims 

1. A method for detecting a mutation from a non-mutated 
sequence of a target polynucleotide in a sample, by using a 
mismatch binding protein, comprising: 
5 a) providing non-mutated and mutated target 

polynucleotide , 

b) forming duplex of the non-mutated and mutated single 
strands of the target polynucleotide in a) , 

c) adding a single strand binding protein to the 
10 polynucleotide from b) , 

d) incubating the mismatch binding protein with an 
activating agent, 

e) adding the incubated mismatch binding protein from 
d) to the polynucleotide from c) , whereby the mismatch 

15 binding protein binds to the duplex formed by one non- 
mutated and one mutated single strand of the target 
polynucleotide , 

f) detecting the presence of any mismatch binding 
protein bound to the target polynucleotide. 

20 2. A method according to claim 1, characterized in that 

before the duplex in step b) is formed, the mutated or the 
non-mutated target polynucleotide is immobilized to a solid 
support . 

3. A method according to claim 1, characterized in that 
25 after the dublex is formed in step b) the target 

polynucleotide is immobilized to a solid support. 

4. A method according to claim 1, characterized in that 
the mismatch binding protein is immobilized on a solid 
support and the duplex is introduced and binding of the 

30 target polynucleotide is detected. 

5. A method according to claim 2-4, characterized in 
that the solid support is a sensor chip surface. 

6. A method according to claim 5, characterized in that 
the presence of mismatch binding protein is detected by a 

35 label free technique . 

7. A method according to claim 6, characterized in that 
the label free technique is surface plasmon resonance. 



10 
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8. A method according to claim 2, characterized in that 
the non-mutated target polynucleotide is immobilized on the 
solid support. 

9. A method according to any of the claims 2,3 or 8, 
characterized in that the polynucleotide is immobilized by 
a binding pair, one member of the binding pair being 
attached to the polynucleotide and the other member being 
coated on the solid support. 

10. A method according to claim 4, characterized in 
that the mismatch binding protein is immobilized by a 
binding pair, one member of the binding pair being 
attached to the mismatch binding protein and the other 
member of the binding pair being coated on the solid 
support . 

15 11. A method according to cliam 1, characterized in 

that the mismatch binding protein is one of MutS, HexA, 
MSH1-6, Rep3 , RNaseA, uracil-DNA glycosilase, T4 
endonuclease VII, resolvase. 

12. A method according to claim 1, characterized in 
20 that the activating agent in step d) is one of the 

compounds ATP, ADP , ATP-y-S, AMP-PNP or a nucleotide which 
can bind to the mismatch binding protein. 

13. A method according to claim 1, characterized in 
that the target polynucleotide in the sample is amplified 

25 before step a) . 

14. A kit for detecting a mutatation from a non-mutated 
sequence of a target polynucleotide in a sample, said kit 
comprising 

a) single strand binding protein, 
30 b) activator for mismatch binding protein, 

c) mismatch binding protein, 

d) amplification primer(s), 

e) solid support for binding of target polynucleotide 
or mismatch binding protein. 

35 15. A kit according to claim 14, characterized in that 

the amplification primer (s) or the mismatch binding protein 
has/have one member of a binding pair attached and the 
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other member of the binding pair is coated on the solid 
support . 
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